Information regarding normal electrocardiographic features of different breeds of animals can help veterinarians to detect any abnormalities in cardiac electrical activities. The current research was conducted to present the normal electrocardiographic indices of clinically healthy Chios ewes and lambs. The electrocardiograms were recorded from clinically healthy Chios ewes (n=27; 2-3 years old) and lambs (n=20; 4-6 months old) by using base apex lead system. T and QRS-duration in lambs were significantly lower than adult Chios ewes. The electrocardiographic amplitudes in lambs were lower than ewes, non-significantly. P-R, R-R, Q-T and S-T intervals in Chios lambs were significantly lower than ewes. No normal sinus rhythm was detected in Chios lambs. The proportion of sinus arrhythmia and sinus tachycardia in lambs was significantly more than ewes. Sino-atrial block was also detected in lambs. Based on the presented data it could be stated that aging can affect electrocardiographic findings of Chios sheep. Finally, our results will provide a good basis for judging the electrocardiograms in base apex lead system of Chios lambs and ewes.
Introduction
The heart electrical activities can be recorded over a period of time by electrocardiography, as a non-invasive procedure. The heart beats caused from depolarization and repolarization of the myocardium, which are detectable by electrocardiography and finally record and produce electrocardiograms (ECGs). Recording ECG in large animals has several indications such as evaluating the heart rate and rhythm, size of cardiac chambers, myocardial damages, electrolyte imbalances and drugs side effects. 1 There are several electrocardiographic lead systems in large animals to record ECGs contain bipolar (I, II, III, base-apex, X, Y and Z of the orthogonal lead system) and unipolar leads (aVF, aVR, aVL, thoracic); but the recorded waves by these leads in each animal's breed, size, body type and sex are different from others and these factors should not affect the ECGs. 2 Base apex lead in large animals has not the complications in other leads and can record the clear and large waves and animal movements have minimum effects on the recordings. 1, 3 The Chios is known as a breed of semi-fat tailed domestic sheep which originated from the Greek island of Chios and they are commonly bred for their milk production. 4 Several researchers studied the electrocardiographic parameters in clinically healthy sheep and goats by base apex lead and leads other than the base apex; 5-9 but according to the author's knowledge, the study on normal electrocardiographic indices of clinically healthy Chios sheep is lacking. Hence, the current study was performed to present and clarify the normal electrocardiographic characteristics of Chios lambs and ewes tracing by base apex lead system. The data presented here may be used as guideline to evaluate the cardiac electrical activities of this breed.
Materials and Methods
The present study was performed in March 2015 on clinically healthy Chios ewes (n=27; 2-3 years old) and lambs (n=20; 4-6 months old), around Shiraz, Fars province, southwest of Iran. All animals were grazing in a green pasture with free access to water and shade. The animals were examined prior to ECG recordings and proved to be clinically healthy. None of the ewes and lambs used in this study had any clinical signs of heart diseases (edema, jugular distension or pulsation and cardiac murmurs), coughing and exercise intolerance.
The ECGs were recorded on a bipolar base apex lead, using limb lead I. Animals were kept standing without any sedation and minimum restraint, also. When animals got calm (decreased panting behavior and muscle tremors), the ECGs were recorded, using alligator-type electrodes which were attached to skin after cleaning it with ethanol and applying electrocardiographic jelly to improve skin contact. The positive electrode (left arm) was placed over cardiac apex in the fifth left intercostal space at the level of the elbow, the negative electrode (right arm) was placed in the left jugular furrow at the top of heart base, the neutral electrode (right foot) was used on the skin of thoracic inlet and the ground was placed on the dorsal spine or another site away from the heart. 1 All ECGs were obtained in a single channel electrocardiographic machine (Kenz-line EKG 110, Suzuken Co., Ltd., Japan) with paper speed of 25 mm/sec and calibration of 10 mm equal to 1 mV. The precision of duration was 0.02 second and amplitude was 0.05 mV. The ECGs were examined to evaluate normal electrocardiographic indices and cardiac arrhythmias, subsequently.
Mean and standard deviation (SD) were calculated for all studied electrocardiographic indices. Two independent samples t-test was used to detect statistical differences between ewes and lambs about similar electrocardiographic parameter. Fisher's exact test was used to detect any proportional distribution of arrhythmias between ewes and lambs. All data were analyzed by using SPSS software (SPSS for Windows, version 20, SPSS Inc, Chicago, Illinois). P<0.05 was considered statistically significant.
Results
The normal electrocardiographic indices of clinically healthy Chios sheep are presented in Tables 1 to 3 . T and QRS-duration in lambs were significantly lower than adult Chios ewes (P<0.05; Table 1 ). The electrocardiographic amplitudes in lambs were lower than ewes, non-significantly (P>0.05; Table 2 ). P-R, R-R, Q-T and S-T intervals in Chios lambs were significantly lower than ewes (P<0.05; Table 3 ). No normal sinus rhythm was detected in Chios lambs. The proportion of sinus arrhythmia and sinus tachycardia in lambs was significantly more than ewes. Sino-atrial block was also detected in lambs (Figures 1 and 2 ). 
Discussion
Electrocardiography can be used as a clinical method of choice to assess the cardiac problems regarding heart electrical activities and the initiation and conduction of waves of depolarization and repolarization. 3 There are several literature about electrocardiographic studies on different breeds of the small ruminants, 8, 9 but information regarding the base apex electrocardiography of clinically healthy Chios sheep was lacking. The data in basic electrocardiographic indices of this breed could be used as reference values to assess heart electrical activities.
The base apex lead appears to be most useful in measuring conduction times (i.e., durations of component deflections, intervals, and segments) because the origins and terminations of deflections could be identified easily. 3 It has been reported that the base apex lead gave the least variable ECG tracings in all the animals; furthermore, the P waves, QRS complexes, and T waves in the base apex lead had the highest mean amplitude of all the leads recorded. 3 It seems that our study on Chios ECG parameters in base apex lead system may be helpful in standardizing the base apex lead of this breed.
The conductive properties of the body mass of ruminants, attributable to the volume of the gastrointestinal tract, influence the distribution of body surface potentials comprising the ECG. 3 This may explain the differences among different ECG parameters between the different ages in our study (Tables 1 to 3 ). The gradual development of body mass may cause difficulty in reaching the waves to the body surface due to relative electrical insulation by increasing body mass and decrease of amplitude in adults. 10 In the present study the electrocardiographic durations and intervals were increased significantly during aging. The transition time of heart electrical impulses produces durations and intervals. It may be stated that the smallest cardiac size and more superficial purkinje fibers in lambs in comparison with ewes can create lowest durations and intervals in younger ones. It could be suggested that as the mass of heart in larger animals became larger in the process of growth, the duration of transfer of cardiac electrical activity also increases. 11 The amplitude of P, R, S and T waves recorded in the studied sheep were not followed a specific pattern during aging. The changing of amplitudes presumably could be due to a high degree of synchronized ventricular polarization passing in any given direction. Furthermore, alterations between heart situation and attached positive electrode can change amplitudes. This may be also due to the presence of high degree of synchronization of depolarization of individual myocardial fibers. At the birth, significant hypoxemia and acidaemia may develop. 12 Moreover, after the onset of breathing, the change in pulmonary vascular resistance with expansion of the lungs results in a great increase in pulmonary blood flow, accompanied by a rise in left atrial pressure. 13, 14 This generates distension of the atrial walls and stretching of the atrial muscles and these might be related to the occurrence of cardiac arrhythmias. 15 It was suggested that the development of hypoxia was relative to the arrhythmias. It was considered that a hypoxic condition during delivery may contribute to the occurrence of neonatal arrhythmias in horses. 16 Belenky et al. 17 demonstrated that the hypoxic carotid chemoreflex, in lamb, is present at birth, but has a significantly longer response time than later in the newborn period. Moreover, the CNS-mediated ventilatory response to hypoxia was also noted to be present in the newborn animal through at least 12 days or longer times of postnatal age. 17 Cardiac arrhythmias also occur commonly in association with gastrointestinal disorders in the dairy cow and less commonly in the horse and resolve without specific antiarrhythmic treatment when the primary gastrointestinal disorder is corrected. 1 At birth the rumen is a rudimentary nonfunctional sac. Normal development of the rumen requires the establishment of a viable microbial population and the formation of volatile fatty acids. 18 Establishment of ruminal microbial fermentation begins between two to four weeks of age Article Table 1 . The durations (sec) of standard electrocardiographic indices (mean ± standard deviation) of base apex lead of clinically healthy Chios ewes and lambs. as a result of the initiation of solid feed intake. 19, 20 Changes in physiological states of gastrointestinal tract, feed intake and alterations in energy metabolism, may affect the cardiac performance and changes in ECG parameters. Furthermore, changes in food regimen and electrolyte profile may affect cardiac musculature and its activation. The results of the present study showed that sinus tachycardia and sinus arrhythmia were the most frequent cardiac arrhythmias in the studied animals (Figure 2) . Sinus tachycardia means an increase in heart rate that is initiated by the sino-atrial node. The term sinus tachycardia is used to describe an increase in heart rate caused by detectable influences such as pain, excitement, exercise, hyperthermia, a fall in arterial blood pressure or the administration of adrenergic drugs. 1 The heart rate returns to normal when the influence is removed or relieved. It may be suggested that the higher heart rates might be due to stress and excitation resulting from isolation of lambs from their dams as well, but since the animals were placed in a quiet state, it is unlikely to be the origin for this higher heart rate in studied animals. Because there were no clinical signs of cardiac problems (edema, jugular distension or pulsation) in all studied animals, this cardiac rhythm irregularity could be categorized as physiologic arrhythmias. Matsui et al. 21 reported an elevation of the heart rate in newborn pony foals with administration of a combined blockade with atropine and propranolol. These observations indicate the possibility of high vagal activity in the newborn Thoroughbred foal at birth. 15 Sustained tachycardia is an important clinical problem in the fetus and newborn. The physiological properties of the fetal and neonatal myocardium make it intrinsically more vulnerable to high heart rates. 22 Fetal tachycardia is an important cause of fetal morbidity and mortality. 23 The rate of fetal tachycardia is of no real help in defining the mechanism, as most tachycardia occurs at about higher than 120 beats/min and average of this parameter was 170 beats/min at the time of ECG recordings.
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Sinus arrhythmia was also seen frequently in Chios ewes and lambs (Figure 2 ). This arrhythmia has been reported in cattle which have been deprived of food or had anorexia due to some gastrointestinal problems. 24, 25 None of the animals with sinus arrhythmia in this study had any clinically obvious systemic problems or were suffering from anorexia. High vagal tone could be suggested as the cause of this arrhythmia in any ages of these animals. 26 Sinus arrhythmia is a normal physiological arrhythmia that occurs at slow resting heart rates and is associated with variation in the rate of discharge from the sino-atrial node associated with variation in the intensity of vagal stimulations. It is commonly correlated with respiration so that the discharge rate and heart rate increase during inspiration and decrease during expiration. Sinus arrhythmia is more clinically obvious in tame sheep and goats. 1 It may be possible to link the genesis of the sinus tachycardia and sinus arrhythmia in apparently healthy lambs to the increased load imposed on the heart or the fluctuation of the sympathetic or parasympathetic tone associated with excessive exertion during the stage of the birth. 27 Sino-atrial block was also detected in Chios lambs (Figures 1 and 2) . In sino-atrial block the sinus node fails to discharge or its impulse is not transmitted over the atrial myocardium. It is associated with the complete absence of heart sounds, of jugular atrial wave and of an arterial pulse for one beat period. The underlying rhythm is regular unless sinus arrhythmia is present. In the ECG there is complete absence of the P, QRS and T complex for one beat. The distance between the preblock and postblock P waves is twice the normal P-P interval or sometimes slightly shorter. This arrhythmia is not uncommon in fit racing horses at rest and can be induced in horses and cattle by procedures that increase vagal tone. 1 Since, there were no clinical abnormalities in lambs which had sino-atrial block, it can be stated that this arrhythmia is categorized as physiological cardiac rhythm irregularities in Chios lambs.
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Conclusions
In conclusion, it is obvious that these data will provide a good basis for judging the ECGs in base apex lead system of Chios lambs and ewes. It could be stated that aging can affect electrocardiographic findings. Furthermore, it may be suggested that the cardiac arrhythmias observed in the clinically healthy Chios ewes and lambs in this study could be accepted as the physiological arrhythmias and so no treatment is necessary. Finally, the results of the present research can help veterinarians to detect any abnormalities in heart electrical performance of Chios sheep and may be used as the guideline for the assessment of any cardiac rhythm irregularities in Chios sheep suffering from cardiac problems. 
